Due to its nearly 1.5 million ha extension and the aimed fine mapping resolution, classical vegetation mapping was not suitable method to prepare the habitat map of Duna-Tisza köze region (Hungary). We developed a novel mapping method. By this method the actual status of more than 12,000 patches of semi-natural vegetation was recorded, documented previously as grasslands, wetlands, open forests and grasslands with scattered trees and shrubs in the middle of the 1980s. A digital layer of 272,387 ha at 1 : 25,000 resolution was created as the background of the analysis. Vegetation type was classified at 46,930 points in the mapping area.
INTRODUCTION
Land-use of the past 150 years resulted in great devastation, alteration and degradation of the vegetation of the sand areas in the Carpathian Basin. Irreversible processes have been started at the second half of the 20th century. In these sandy areas the mentioned processes can lead to expanded shrub invasion, desiccation, impoverishment, and drastic alteration in species composition in the long run (Molnár 2003) . Some examples: mainly as a consequence of afforestation, low Austrian and Slovakian open sand grasslands are entirely disappeared (Wiesbauer 2002, Kalivodová and Kubíček 2002) ; Cotinus coggygria and Tilia argentea dominated wooded steppes on sand and sand grasslands of Deliblát are also considerably converted (Wagner 1914 , Butorac 2002 ; the sometime uniquely valuable vegetation mosaics of sand dunes and Waterlily-Sphagnum moors of Rétyi-Nyír (Kádár 1949) were also destroyed by the deforestation with conifers beyond measure, and by the drainage started at the 1970s. All the referred processes are obtrusive in the Duna-Tisza köze region (Duna-Tisza Interfluve, Hungary), the largest sandy area of the Carpathian Basin. Outside the Carpathian Basin, continental sand dunes cannot be found in other parts of Europe, hence these forms, with they unique vegetation and endemisms, the speciality of the Pannonian region. It is our primary aim to protect these areas, and in the interest of that, their research and the geographical documentation of the remnant natural values are also our capital tasks.
Gusztáv Moesz, during his field work right at the Duna-Tisza köze, wrote in 1935; "Considering that the composition of the vegetation will be entirely different after a few decade, the documentation of its actual feature, with a botanical point of view, is highly requisite. The seemingly invariable, persistent vegetation is changing, like everything that live on Earth" (Moesz 1935) . Predicting the necessity of a regional scale habitat map, Gusztáv Moesz likely perceived the fast shrink of the semi-natural vegetation in the Duna-Tisza köze. Large-scale alteration of the landscape, like ploughing, afforestation, sand fixation, more intensive animal husbandry, parcelling of the agricultural land, plantation of vineyards and orchards, starting during the second half of the 19th century, have been followed by intensive drainage works of the wetland habitats in the western part of the area since 1920. Moesz and his contemporary botanist colleagues were all witnesses of these degradation processes (Moesz 1935 , Boros 1936 , Dinnyés 1937 . The problem of the fast changes of the vegetation is especially up-to-date nowadays; hence, the alteration seems to speed up from different point of view.
Due to the changes of the sociological processes and abiotic factors (precipitation and soil moisture) in the last 50 years, the character and the structure of the landscape were severely transformed. It became apparent by the turn of the century that this transformation concerns not only the landscape pattern of the semi-natural vegetation, but also reflected in the inner structure and vegetation dynamics of them. Changes in species composition (Bagi 1990 , 1997 , Bagi and Bagi 1995 , Kovács-Láng et al. 1998 , as a consequence of drying or extreme desiccation (Iványosi Szabó 1994 , Kákonyi 1994 , Pálfai 1994 ) are pregnant processes, as well as the closure of open grasslands, tree and shrub invasion on dry and wet habitats (Molnár 2003) . Ploughing of grasslands has speeded up in the droughty years of the last two decades, which leads to the further shrink of semi-natural areas. Areas without registration or vegetation mapping are in the greatest danger, though their disappearance or shrinkage often unnoticed. At the beginning of the 1990s, in 80% of the areas in the Duna-Tisza köze with potentially semi-natural vegetation, botanical research was never conducted. Published vegetation documentation or maps are available of only a fragment of the remainder 20%.
A novel, comprehensive map for the whole landscape was required at the end of the 20th century. The demand was to sign not only the protected areas or areas with known values, but the habitats of territories often "unknown" even for botanists, and to unfold their actual state with emphasis on their regeneration or degradation. The realisation of this unconventional task was partially enabled by the free access of maps, aerial photographs and satellites from the 1990s. It was also supported by the positive attitude of the botanical professional circles, as well as by the rapid development of the GIS softwares that have opened new era in botany. Although the demand of the landscape scale map, expressed by Gusztáv Moesz, had turned up quite early, its feasibility was set back until now, in our opinion, by the lack of the mentioned tools and factors. The first comprehensive vegetation map for the whole Duna-Tisza köze region was prepared by Bálint Zólyomi, illustrating the last natural vegetation of the landscape (last published version : Zólyomi 1989) . In the end of the 20th century, the hypothetic natural vegetation map, as well as the map of the destroyed vegetation of the former centuries, were elaborated by the support of digital maps, like land cover and soil types (overlay of 1 : 100,000 AgroTopo (TAKI) and Corine Landcover (FÖMI)) (Horváth et al. 1999a, b) .
OBJECTIVES
The alteration of the vegetation of the Duna-Tisza köze region, the rapid degradation and loss in value, just as the imperfect documentation of the remnant natural values inspired us to undertake this, at that time unexampled botanical mapping.
Our primary goal was the complete thematic and geographical discovery and mapping of the actual vegetation of the region. The prepared maps were created partly for the information of botanists and other professional audience, on the other hand for conservational planning and educational activity of nature conservation and other professional organisations.
The professional audience has been using the actual vegetation map for five years. To satisfy its demands we chiefly aimed at to detail the method of the habitat map preparation and to show the availability and the limitations of the map in this paper. Consequences derived from the generated habitat maps and the analysis of the landscape pattern will be discussed in a further paper in detail.
A four-year-long work ran between 1996 and 2000, in the frame of the Actual Habitat Map Program of the Duna-Tisza köze region (D-TMap) organised by the Institute of Ecology and Botany of the Hungarian Academy of Sciences and the Kiskunság National Park, and was supported by the Alföld Program of the Ministry of Environment .
RESULTS

Stages of the mapping procedure
In retrospect of the four years of the work, the mapping stages of the Duna-Tisza köze habitat map are the followings:
1. delineation of the study area, 2. elaboration of the methodology of the mapping, acquisition of the necessary maps, aerial photographs and satellites, 3. preparation of the field data collection, field excursions, methodological conciliation, data gathering in sample areas, 4. collection the archive field data, summary of the new and the old-field experiences, creation of the map legends, 5. rethink the methodology of map preparation, 6. generation of the digital patch pattern of the mapping areas, 7. integration of field data into the point database, 8. field data extrapolation and satellite interpretation of areas without field data, 9. calculation of statistics for the habitats, 10. generation of other maps derived from the D-TMap point database, 11. quality control of the database.
Delineation of the study area
The study area is defined as the whole Duna-Tisza köze region, with its 1.5 million ha extension (Fig. 1) . The Duna-Tisza köze region, besides the area between the Duna and Tisza Rivers, geographically contains the Pesti-sík, and the Serbian part of the Sand Ridge between the two rivers. The latter was not analysed in this work. Accordingly, we carried out the mapping procedure from Kisoroszi and Vác till the southern border of the country, and from Szolnok to Szeged along the Tisza River (approx. 110 km × 210 km). In this way, the study area includes, for example, the Islands of Szentendre and Csepel, the whole territory of Pest, the Bácska region and the Island of Mohács (1,398,000 ha altogether). The northern border was defined by contour lines of the Cserhát and the Gödöllő hill-range, and follows the highway no. 4. In one 
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Acta Bot. Hung. 48, 2006 Fig. 1. Location of the study area point, between Mártély and Körtvélyes the map penetrates to the Tiszántúl, hence this area is also under the authority of the Kiskunság National Park that works in this area.
Elaboration of the methodology of the mapping, acquisition of ancillary material
The original plan aimed to map an unusually large, 1.5 million ha area. Classical vegetation mapping was evidently inadequate to complete this survey, since this field data-based method is primarily available for the mapping of small areas, where all the vegetation patches drawn around, generating intensive field work. Counting the field work just for the semi-natural area (approx. 300,000 ha), the 1 : 5000 scale classical vegetation mapping would have last, according to our estimations, 10-15,000 days on the field.
In the beginning, we intended to map sample areas and planned to extrapolate these data on landscape scale, since there were no examples for vegetation mapping of such a large area in Hungary before 1996, and no satellites were available in the present-day quality. The printed version of LandSat TMSpot Pan merged satellite images (1991-94, FÖMI) seemed to be accessible. We planned to utilise these images with manual drawing of maps on papers. Later the Spot 4 satellites (1998, Euroimage, FÖMI) replaced them, opening new perspectives for our work with its much higher spatial resolution. The utilisation of methods with exclusive satellite image interpretation or automatic spectral classification was not our purpose. However, it was evident from the beginning, that the mapping of such a large area based alone on field survey is insolvable. The summarisation of the available field experiences, several background maps and remote sensing data were needed. These background materials were continuously collected and purchased in the first three years. Altogether the following maps, aerial photographs and other background materials were collected for the preparation of the database: the topographical map of the 1950s (1 : 25,000, Map Archive of the Hungarian Military Museum), the 1980s Gauss-Krüger topographical map (1 : 25,000, FÖMI), Kreybig 1 : 25,000 soil map (MTA TAKI), AgroTopo 1 : 100,000 soil map (MTA TAKI), 1 : 100,000 surface geological map (MÁFI), the inland water cover map of the Duna-Tisza köze in March 1999 (FÖMI) and the database of natural areas (KNP).
Preparation of the field data collection; field excursions, methodological conciliation, data gathering in sample areas
In the first years of the work a field mapping was executed that aimed at to thoroughly explore all landscape types of the Duna-Tisza köze, to gather reference field data for the satellite interpretation, and to gain general knowl-edge on Duna-Tisza köze. 2 to 6 representative sample areas were appointed at every geographical subregion, where field survey was planned similar to the classical vegetation mapping (Fig. 2) .
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Acta Bot. Hung. 48, 2006 Fig. 2. Extension of the mapped area with sample areas and vegetation subregions A novel method of habitat mapping and documentation was developed during the several-day workshops. This, so-called Á-NÉR method (Fekete et al. 1997 ) was used for the data collection and the mapping of the sample areas. After several tests and the summarisation of the experiences concerning the new habitat maps (sample areas) this mapping procedure became the official method of the National Biodiversity Monitoring System (Kun and Molnár 1999). Test mappings were executed in Bugac and Kunpeszér to estimate the objectivity of the habitat mapping . As the parallel pilot mapping of 20 and 17 botanists show, besides the drawing of the map, detailed and thorough description of the mapped patches and the characterisation of the landscape and the habitat types are needed in the standard habitat mapping method. In this way, the subjective decisions of the mappers can be well reconstructed and the mapping can be repeated more objectively later.
The 43 sample areas (quadrates) were placed in the function of the extension and the heterogeneity of the subregions, based on the subregion register of the Duna-Tisza köze (Marosi and Somogyi 1990) . Some quadrates were placed at the subregion border to obtain data on the difference between the regions. Field information (like the location of the "sanctuaries") was not considered. Therefore, the protected areas were not overrepresented in the sample areas, and several times the quadrates enclosed cultivated lands of relatively large extension, since the main goal was to discover the "real" landscape versus the "sanctuaries". By the field survey of the areas besides the protected ones, we wanted to gain information on the real connection and mutual effect of the semi-natural and cultivated land. Data of the 20, randomly selected sample areas revealed, that the mapped area which was to represent the region, consisted of 15% semi-natural grassland, 20% degraded grassland, and 65% cultivated land. Two thirds of the survey documented the agricultural land with the enclosed semi-natural fragments and refugia .
A 1 : 12,500 scale vegetation mapping was performed in the 3 km × 3 km, 2 km × 6 km and 2 km × 8 km quadrates (altogether 48,900 ha, 3.45% of the landscape). The fieldwork was supported by the last available black and white or coloured infrared aerial photographs (MH TÉHI, FÖMI), as well as by the up-to-date series of topographical maps. Our aim was to increase the knowledge of the mappers about the landscape by providing aerial photographs of the 1950s (MH TÉHI), and with the 1st, the 3rd and the 5th historical military maps.
Collection of archive field data, summary of the new and the old-field experiences, creation of the map legends
During the preparation of the habitat map, in spite of the limitations, we wanted to rely on field data of as large area as possible. Therefore, the field data collected in the sample areas was completed with further field information. Personal inquires of 19 botanists, conservationists and other colleagues with great field experience were executed, gathering data concerning the previous few years. The areas known by them were briefly characterised with the vegetation type or the dominant plant species, and were marked in the 1980s topographical map. This mode of archive field data gathering could reveal different aspects of the study area (like the problems and natural values were interpreted distinctly by the data suppliers), in this way it supported the learning process. The collection of the data was followed by an extensive field survey in the whole Duna-Tisza köze, obtaining further information on the actual status of the landscape and on the recognisability of the vegetation on the satellites.
The biological content and the categories of the map to be prepared were modified, according to the experiences gained by the mapping of the sample areas and the collection of field data, as follows.
The habitat categories of the National Biodiversity Monitoring System (Á-NÉR) were still used for the mapping of the sample areas (Fekete et al. 1997) . The system of the categories was adapted and expanded for the DunaTisza köze. Later, with the access of Spot 4 satellites in digital form, the possibility of a developed satellite interpretation occurred. The legend was altered in accordance with the recognisability of landscape dynamical processes, the degradation of grasslands, the regeneration processes and different disturbance regimes that were visible on the satellites. We grouped the semi-natural and disturbed vegetation types, the vegetation destroyed in previous years, as well as the types of abandoned or after drastic impact, recently regenerated vegetation (altogether 57 types). For comparison, former potential vegetation maps of the area used 6 (Zólyomi 1989) , and 15 (Horváth et al. 1999a ) categories, and the 1 : 50,000 scale Corine land-use map applied 20 categories for semi-natural vegetation. The final legend is shown in Table 1 .
Rethink the methodology of map preparation -point or patch map?
Delineation of the patches should have been solved mainly relying on the remote sensing material, since we had detailed, field data-based patch map just for a part of the landscape. However, the differentiation and delineation of the vegetation patches on the satellite image are highly restricted (for special BIRÓ, M., RÉVÉSZ, A., HORVÁTH, F. and MOLNÁR, ZS.
Acta Bot. Hung. 48, 2006 vegetation types). The distinction of the semi-natural vegetation and the cultivated land, and the delineation of the discrete patches take long time and meet many technical obstacles in this mosaic landscape. For instance, the slightly disturbed open sand grassland, the new old-field on sand, the rye crop or its stubble and the newly mown meadows are very much alike. This task seemed to be unsolvable considering the aimed 1 : 50,000 scale and extension (almost 1.5 million ha). Therefore, we developed a novel habitat mapping method, without delineation of patches, where the classified habitats were assigned to point localities.
Generation of the digital patch pattern of the mapping areas
In accordance with our decision that considers the methodological limitation of the mapping and database creation, the classification of the habitats was performed just in point localities. However, the delineation of the semi-natural area seemed to be a crucial task. This aimed to facilitate the data input, the satellite interpretation, the further use of the map and the conversation of the point map to patch map. Therefore, the first stage of the elaboration of the habitat map that covers the whole area was the digital selection of the mapping areas (generation of the so-called layer of the mapping areas). From the 1 : 25,000 scale 1980s Gauss-Krüger topographical map we delineated the required areas of the Duna-Tisza köze on transparent paper, then we digitised them (Horváth and Révész 2000) . That resulted in a map of more or less semi-natural vegetation, containing all the grassland, wetland, open forest and grassland with scattered trees and shrub patches of the topographical map, larger than 1 ha (272,387 ha). Closed semi-natural forests, planted woods and other plantations are not distinguishable on the applied map, so these vegetation types (riverine and fen oak-elm-ash woodlands, fen woods, Convallaria majalis oak woods) are not included in the mentioned layer. We did not face this problem in case of the open forests, like poplar-juniper steppe woods, mire willow shrubs and most of the open sand steppe oak woods, since these types are signed as open woods on the map. Nevertheless, the homogeneous juniper woods were visualised mainly as closed forests, so outside the mapping areas we searched the well distinguishable juniper patches on the satellite, and sign them on the map. Field information was available about almost all the fen woods and about most of the sand steppe oak woods, and they were signed outside the layer of the mapping areas. In turn, vast majority of the managed and planted, but semi-natural closed poplar woods is omitted from the database, since we were not aware of them. Altogether 17,260 ha of the mentioned forest types were mapped, where 6,000 ha is outside the layer of the mapping areas.
The unmapped 1.1 million hectares that form the environment of the habitat patches, were cultivated land in the middle of the 1980s (mainly arable fields, plantations, vineyards, orchards, farms and settlements). The arable fields abandoned since the preparation of the Gauss-Krüger map (regenerating 10-15 years old old-fields) occur mainly on sand (Molnár 2003) . These types were omitted from the database, since they were cultivated lands on the layer of the mapping areas. Field information was available about a part of them, these were recorded in the database as localities outside the layer (2,424 ha, 11% of the abandoned arable fields of the database).
Integration of field data into the point database
To visualise the data of the sample areas and the collected archive field data in GIS point database, we have developed a data input program under ArcView 3.2 using Avenue-script. The spatial allocation of points generated the GIS point database that provided the environment for the habitat map.
A learning process has been initiated by the geographical visualisation of our own field experience and of the data of the sample areas. Maps of the representative sample areas supported the identification of the vegetation patches on the satellite. Description about the patches, species lists and habitat characterisation maintained their classification and the final refinement of the legend. We recorded the recent field data of our colleagues with the experiences of our own field data input. This order was important considering that the field data collected from the data suppliers, due to the severe landscape fragmentation, referred usually one, often very heterogeneous grassland patch. In this way, in accordance with our own knowledge on satellite image interpreta-tion, we could decide the point locality of a field data that was assigned to patches that contained more habitats visible even on the satellite image. It was also helpful that in many cases data was available on the locality of a given habitat within the grassland patch.
To avoid the subjectivity of data input of the different data suppliers (Wyatt 2000) , the filling of the created database, the spatial allocation and extrapolation of the data, and the final interpretation were executed by one person (the first author of the paper). Homogeneity of data input was altered only by the learning process, which was compensated by the posterior data input of the less known areas. In case of the integration of field data and later interpretation the following sampling design was used. To a maximum 6 ha vegetation patch 1 point, to a 6-10 ha patch 2, to a 10-20 ha patch 3, to a 20-40 ha patch 4 points were assigned. In patches larger than 40 ha every 10 ha were represented by 1 point. These points were spread out evenly to ease later estimations.
26% of the database points rely on real field data of the known areas (12,300 points). Summing the areas represented by the points we have covered 91,300 ha altogether. This is the 33.5% of the mapping areas (272,400 ha) of our study area. Real field data and the satellite-based extrapolated data were clearly distinguished in the database. The goal was to preserve the origin, and thereby the reliability of the data for later queries. The database contained four types of data: 1. data gained by the mapping of the sample areas, 2. field data of the data suppliers, 3. data gained from our own field experiences, 4. interpreted data (Fig. 3) .
Field data extrapolation and satellite interpretation of areas without field data
No field data were available for the 66.5% of the layer of the mapping areas (181,000 ha). We performed botanical satellite image interpretation on Spot 4 image (Eurimage, FÖMI) relying on the knowledge gained by the field data input and on background information. The extrapolation of the existing field data for the unknown areas was a relevant part of the interpretation. The created, field data and satellite interpretation based geographical database contains information about the 12,224 semi-natural habitat patches of the Duna-Tisza köze vegetation in 46,930 points (Fig. 4) . These patches cover 286,500 ha altogether (272,387 ha: the layer of the mapping areas, 14,100 ha: areas outside the layer).
The reliable field data of the semi-natural vegetation helped us to identify the habitat types and their disturbed stages on the satellite image. During the identification first the colour of the patch (spectral characteristics) was noted. According to our experiences, it was not possible to identify the habitat type solely by patch colour in most cases. Therefore, this information was supplemented with the pattern of the patch, with the properties of the surrounding landscape, and with a sufficient quality data of background maps and maps of the natural areas (KNP) . During the satellite interpretation we have identified the landscape type (sand, steppe, saline area, fen, floodplain) to classify the vegetation of the semi-natural areas. Kreybig 1 : 25,000 scale and AgroTopo 1 : 100,000 scale soil maps were used for the landscape identification. The inland water cover map of the Duna-Tisza köze defined potential water quantity of some uncertain areas.
Satellite photos are usually interpreted in a way that the classification, delineation or interpretation of a patch are carried out with the consideration of the surrounding landscape (Wyatt 2000) . The species list and the weediness are not visible on the satellite images, however biomass, some disturbances, the pattern of open water and soil surfaces are detectable (at 10 m × 10 m pixel size). The surroundings and the large-scale pattern of the landscape are al-260 BIRÓ, M., RÉVÉSZ, A., HORVÁTH, F. and MOLNÁR, ZS.
Acta Bot. Hung. 48, 2006 Fig. 3 . Interpreted data and field-based data in the database (without habitat types). Crosses = field data of data suppliers, stars = data gained from our own field experiences, empty polygons = interpreted data, circles = data outside of layer of the mapping area ways well visible. In the cases of open sand grasslands, juniper scrubs, Puccinellia swards and Bolboschoenus marshes each community corresponded almost fully to a class in the category system. In turn, fen and fresh meadow communities had to be united in case of floodplain, fen and saline area landscape types. According to our experiences, the naturalness of bare alkali areas, saline lakes, sand dunes and water rich fens is quite noticeable, whereas it is not visible at all in case of the degraded fens and steppes. In the current landscape the difficulty of identifying the habitat type is further increased by the transformed natural habitat pattern, by the fragmentation of the vegetation (the lack of the natural landscape) and by the different land use of the patches (for example mowing). Arable fields, rice fields and fishponds, abandoned long time ago, are all signed as grasslands on the 1980s Gauss-Krüger topographical map. Their origins were revealed by the comparison with the map of the 1950s. Therefore, in areas of intensive former cultivation the origin of all the grassland patches was routinely checked. Relatively a great number of the abandoned fields were still not on the layer of the mapping area. Those areas, for example, that were cultivated in the 1960s and 1970s, and were abandoned shortly afterwards, were all marked again as semi-natural areas on the late 1980s topographical map. Exactly their disturbed feature and unnatural homogeneity, visible even on the satellite image, warn us of the events of the previous decades. Those arable fields, which have been abandoned since the late 1980s are also not marked by the layer of the areas to be interpreted, since these patches were all signed as cultivated lands on the topographical map.
As we formerly mentioned, certain closed forests are outside of the layer of the semi-natural mapping areas. We could integrate the data of those forests to the database as points outside the layer, which were known by the professional circles. (These forest patches are usually valuable fen woods, riverine willow-poplar or oak-elm-ash woodlands, as well as more or less closed sand steppe oak woods and poplar-juniper steppe woods, which were recorded as closed forested area or forest patch on the Gauss-Krüger map, like the forests of Nagykőrös, Pusztavacs, Ócsa, Peszéri-erdő, Bugac, Bócsa, Béda-Karapancsa, Tőserdő.) Nevertheless, their majority form continuous patch of several hectares, but, as mentioned, there were no polygons (of the layer of the mapping areas) under the field data points assigned to them. Their areas were digitised and connected to the layer. These points were managed separately in the regional statistics as points outside the layer. In some forest patches the semi-natural vegetation is much fragmented, occurring sporadically in plantations with a few hectare extension (e.g. Béda-Karapancsa). In their case their points were left as point localities outside the layer.
Calculation of statistics for the habitats
Statistics for the habitats were calculated on the point database and areas assigned to the points (polygon database) (cf. Révész et al. 2000) . We handled grasslands ploughed or destroyed in the last 15 years also as "habitats", since our layer was derived from the 1980s Gauss-Krüger topographical map.
The habitat statistics were calculated for the whole Duna-Tisza köze region and for the vegetation subregions (see also Molnár 2003) . Some examples: the cover of the individual habitats for the Duna-Tisza köze region and for the vegetation subregions, the percentage distribution of the individual habitats among them, the extension and ratio of the habitats within a subregion were calculated. The ratio of the protected areas of a given habitat or subregion was also counted. Vegetation subregions based on the actual habitat map are originated from geographical subregions (Marosi and Somogyi 1990). The regional statistics were calculated and interpreted according to this modification. The mapping area relied on the layer of the more or less semi-natural areas of the 1980s (grasslands, wetlands, open forests and grasslands with scattered trees and shrubs), which enabled an easy statistical tracking of the changes of the semi-natural vegetation in the last decades.
Values of the hectares were rounded to the nearest whole number to increase the transparency of the tables. On the other hand, in case of thousands of hectares the error of the satellite interpretation makes irrelevant to count the decimals. During the calculation, we handled separately the areas inside and outside the layer of the mapping areas. In this way, the analysis of the more or less semi-natural habitats of the 1980s (grasslands, wetlands, open forests and grasslands with scattered trees and shrubs) is supported concerning the changes in their area since then. Habitats outside the grassland layer are mainly abandoned arable fields, poplar-juniper steppe woods, as well as forested areas that seem to be more stable in terms of change in their area.
We did not calculate statistics for the fields that were cultivated in the 1980s, and then were later abandoned. These areas, cultivated lands outside the layer of the mapping area, may have significantly larger extension than our analysed one. Arable fields abandoned in the last two decades are likely underestimated in our statistics, considering that their majority were not semi-natural area in the 1980s, but rather arable fields, vineyards or orchards. In turn, the poplar-juniper steppe woods, sand poplar woods, artificial grasslands and arable fields abandoned till the 1980s might be slightly overrepresented in the database, due to the previously mentioned facts. Actual habitat map of the Duna-Tisza köze region (1 : 400,000 scale overview point map): From the point database a 1 : 400,000 scale overview habitat map was generated , printed in Molnár 2003 . Considering the large number of the points (47,000), their suitable size and distinguishability were crucially important. We also paid attention to give similar colour to the habitats similar in character to ensure the visibility of the landscape pattern. These aims were achieved by an expressive visualisation of the legend (colour, shape, shade and size of the symbols) that was made up of 57 categories. The colour of the symbol reflects the character of the habitat (saline area, fen, sand, floodplain, fen, open water), and its tone (bright tones) refers the state of its disturbance. The black colour is an exception that means the total destruction of the habitat. We used smaller size for the points which represent the habitats with 1-5 ha area. So, the points cover approximately the same area, like the habitats in the nature.
Generation of other maps derived from the D-
Polygonised version of the point database improved the transparency of the landscape pattern and the accuracy of the habitat statistics calculated from the point database. This has also two variables (database and overview map).
GIS polygon database of D-TMap: Patches of the layer of the mapping area were polygonised, based on the GIS Point database (Révész et al. 2003) . Thiessen polygons were generated on the point layer, resulting that every polygon corresponded in extension with the area represented by the point. To those habitat records, which were not on the layer and represented small area, 4 ha circles were assigned, if case they represented large area, 8 ha circles were assigned. Neighbouring points occasionally overlapped, so the intersection was divided between them. In case of large, continuous areas, the missing patches were digitised under the circles, then Thiessen polygons were generated.
As previously mentioned, the regional statistics were calculated based on the area of the polygons, though we had formerly published statistics counted for the areas assigned to the points . The recalculated data concerns the regional restriction of the grassland layer, which presumably ensures more accurate estimation of the habitat extensions. Its resolution, like the resolution of the point map, is 1 : 100,000 (with 1 : 25,000 scale digital layer background).
Actual habitat map of the Duna-Tisza köze region -patch map (1 : 400,000 scale overview map): The overview patch map was generated by unifying the polygons of the same habitat categories in the polygon GIS database . In this case, the habitat visualisation relies only on the colour of the patches. The legend gained new range of colours, conceptually corresponding to the legend of the point map.
The habitat character defines the colour of the symbol. Different groups of colour mark the vegetation of sand, fen, steppe, floodplain and saline areas. The bright tones represent the disturbed types of them. Separate colour group was created for the destroyed, regenerating and other habitat categories.
The polygon map shows much more expressively the landscape and the vegetation than the point map. At coarse scale it is very similar to the classical patch maps, serving background for landscape scale analyses. At the same time its availability decreases at fine scale, since the borders of the polygons were artificially defined. At landscape scale not the exact borders of the habitats are important in a grassland patch, but their presence or absence. In this way their landscape scale pattern, ratio and fragmentation can be expressed. Furthermore, the ecological corridors, their location and ratio within the corridors, as well as their degradation and regeneration trends are also delineated, as discussed in another paper in detail.
The D-TMap Point database and the generated maps are freely accessible for research purposes. For personal utilisation the permission of the Institute of Ecology and Botany of the Hungarian Academy of Sciences is needed.
Accuracy assessment of the database
The accuracy assessment of the interpretation was carried out during some field work and by a field survey designed specially for this purpose. During the latter one, 485 point localities (polygons) were visited. Our track was designed to meet the fen habitats, and the neighbouring saline areas, since we considered these habitats as having the lowest confidence of classification. In this way we checked 301 fen, 68 saline and 101 disturbed habitats. 15 grassland patches were not found already. This is the 3% of the total grasslands, which perished in the last 5-6 years. (The real devastation is underestimated, since we did not visit several grassland patches, which we had not found first. By the reason of their uncertainty they were omitted from the statistics.)
The 98.7% of the field-based data was accurate, and the 91% of the interpreted data was classified to the adequate habitat type. Three sources of the error were representative: 1. Classification was correct in terms of the habitat type character, just the rate of the disturbance, shrub invasion, or desiccation differed (1.7 % of the analysed points, one-third of the errors). 2. 2.3% of the visited habitats were presumed as extinct in the interpretation, but still existed in reality (90% of them were disturbed fen habitats). 3. Saline and fen character were judged incorrectly during the interpretation (2.1% of the analysed points, one third of the total error). This error occurred where the saline and fen character were mixed even in the nature. 52% of the total error concerned the disturbance rate of the fen areas. For the 470 discovered points 97% of the map can be considered as accurate in terms of the classification of the habitats.
We also studied the percentage cover of the Molinia coerulea, as typical species of fen vegetation, in 207 polygons with fen character. The occurrence of the species was not expected in areas interpreted as disturbed or desiccated fen vegetation (category 14, 4, 40 altogether 52 polygons). It was still present in 11 polygons, and had considerable cover in 3. Accordingly, we can assume a 5-6% overestimation of the disturbance degree of the fen areas, while this error did not occur in case of the field-base data. The absence of the Molinia was also checked in the patches classified as mesophilous fen areas. 20% of these areas are reed beds or sedge communities, which were not used for the calculation. Among the 13 patches interpreted as mesophilous fen polygon, but not reed or sedge, we did not find Molinia in three patches. Besides these, we searched 25 patches of field data, where in 5 patches Molinia was absent. Consequently, the presence of the Molinia is overestimated with maximum 20% in the landscape, independently from the quality of the data. This may show a slow decrease of the species, or in lack of intensive field survey we probably did not recognise it in some grasslands (although the field survey of this purpose was organised at the end of October, when Molinia tussocks are well visible).
In case of dry sand dunes we relied on the information of our colleague, György Kröel-Dulay. During his field work he visited 33 1 km × 1 km extension sampling quadrates, which were classified as open sand grasslands. Together with these grasslands, the polygon of 191 open sand grasslands, 76 sand grasslands under shrub invasion, 18 sand poplar woods and 25 disturbed sand grasslands were studied (altogether 310 polygons). It is an interesting fact, that the frequency of the errors did not show significant difference between the interpreted data and the data generated from field information.
Errors were not found concerning the character of the habitats; the studied sand patches were all sand grasslands, scrubs or open woods (not fen or saline areas). Like in the case of the fens, the misclassification errors came from the degree of their disturbance. 15% of the visited patches with sand character were more disturbed in reality than in the database, and the degree of the shrub invasion differed in 7.5% of the data (23 points out of the 310). Classification of the disturbed grasslands had 100% accuracy. Considering the single vegetation types 15% of the open sand grasslands is severely disturbed, and 9% is abandoned arable field. In 15% of the sand scrub vegetation the shrubs are not native species, but Robinia pseudacacia. 33% of the open sand poplar woods are actually open woods of black locust. Out of the 307 visited points, the habitat type of 224 matched with the habitat type recorded in the database (73%). However, we found the mentioned slight discrepancies at 85 sites (27%). In two polygons the original vegetation has perished, due to the black locust plantation.
The 73% accuracy cannot be generalised for the whole database, since the classification differed only in the given habitat character (in the degree of disturbance or shrub invasion -in case of dry sand vegetation). In accordance with the results of the fens and sand habitats, the accuracy of the database is 94-95% concerning the character of the habitat, and ranges between 70 and 90% for the finer classification within the character.
FUTURE DIRECTIONS
We have started the initial analyses of the GIS point database. In accordance with our experiences reliable analyses can be performed based on this database concerning the vegetation, fragmentation and landscape pattern of the whole study area or of certain, not too small subregions (Révész et al. 2003 , Czúcz et al. 2005 . Additionally the degradation trends of habitats in the last decades can also be traced. Comparison of the actual landscape pattern of the Duna-Tisza köze region, generated from the GIS database, and the earlier, 18th and 19th century patterns reveals the habitat alteration processes of the last centuries (Biró 1998, Biró and Gulyás 1999) . *
